Two cDNA clones for plant cysteine proteinases have been isolated from a Caricapapaya (paw-paw, papaya) leaf tissue cDNA library by using a mixture of 16 synthetic oligodeoxyribonucleotides as a hybridization probe. The inserted regions are 311 and 440 base-pairs in length and have the potential to encode a region corresponding to the C-terminal region of two proteins which are homologous with the known plant cysteine proteinases and the mammalian thiol cathepsins. One of the sequences shows a high (> 77%) homology with the plant cysteine proteinase papain, the other is closely related to papaya chymopapain. One sequence contains all, and the other most, of the 3' untranslated region of the mRNA. The inserts were used as specific probes in Northern Blot analyses giving an estimated size for the two mRNA species of 1.45 kilobases.
INTRODUCTION
Cysteine ('sulphydryl' or thiol) proteinases have been isolated from a wide variety of sources, both plant and animal. The enzymes from plants include papain, chymopapain and papaya peptidases A and B from Carica papaya; actinidin from Actinidia chinensis (kiwifruit, Chinese gooseberry); bromelain from Ananas comosus (pineapple); ficin from Ficus carica (common fig); and asclepains A and B from Asclepia syriaca (silk weed). Papain and actinidin have been completely amino-acid-sequenced, and their tertiary structures have been determined (Baker, 1980 , Kamphuis et al., 1984 and shown to be essentially identical. Papain and actinidin are about 40% homologous. Partial amino acid sequences of the other cysteine proteinases above have also been determined and found to exhibit varying degrees of homology. Fairly recently the amino acid sequences of the rat liver cathepsins B and H have been determined and shown to exhibit a high degree ofhomology with the plant protein primary structure, in particular that of papain (Takio et al., 1983) . The premise that all of the plant enzymes are descended from a common ancestor has been explored by Lynn (1983) , and similar comparisons have been made between mammalian lysosomal cysteine proteinases (Kirschke et al., 1984) . In addition to the evolutionary question, disagreement still exists as to the exact number ofenzymes, particularly the chymopapains, present in the proteolytic component of papaya latex (Buttle & Barrett, 1984; Brocklehurst et al., 1985a,b; Barrett & Buttle, 1985) .
In order to be able to answer these questions we have chosen to investigate the plant cysteine proteinases at the DNA level. We have isolated cDNA clones from a library constructed from papaya leaf-tissue mRNA, and shown these to be related to the papaya proteinases papain and chymopapain. In addition, by hybridization of these clones, we have been able to detect specific mRNA isolated from papaya leaf and fruit tissue, and estimated them to be about 1.45 kb in length. These First-strand cDNA was synthesized from poly(A) mRNA (13-26,g ml-'; max. vol. 30,1) in a solution containing 50 mM-KCl, 50 mM-Tris/HCl, pH 8.3, 10 mM-MgCl2, 10 mM-dithiothreitol, 4 mM-spermidine, BSA (100 jug ml-'), 1.3 mm each of the four deoxyribonucleotides, oligo(dT)12-18 (100 jtg ml-) and AMV reverse transcriptase (500 units ml-'). This reaction mixture was incubated at 42 'C for 1-2 h. Recovery was by the method of Okayama & Berg (1982) .
Second-strand cDNA was synthesized by using the method of Gubler & Hoffman (1983) ; up to 400 ng of single-stranded cDNA was processed in a reaction volume of 80 t1l containing 20 mM-Tris/HCl, pH 7.5, 5 mM-MgCl2, 10 mM-(NH4)2SO4, 100 mM-KCl, BSA (50,g ml-'), 40,tM-dNTPs, Escherichia coliribonuclease H (8.5 units j-l-') and DNA polymerase I (230 units-ml-'). The reaction mixture was incubated at 12 'C for 60 min and at 22 'C for 60 min. EDTA at 20 mm was added to stop the reaction. The double-stranded cDNA products were extracted twice with phenol and ethanolprecipitated twice from 2 M-ammonium acetate. C-tailing Double-stranOded cDNA (85 ng) was C-tailed by the method of Okayama & Berg (1982) , incorporating dideoxy-CTP at 0.5 #M in the reaction mix. The average length of C-tails was 22. The C-tailed double-stranded cDNA was ligated into pUC 8 plasmid DNA (Messing & Vieira, 1982) that had been digested with endonuclease PstI, and tailed with an average of 23 guanosine residues. (Pritchard & Holland, 1985) . Transformation
The ligated DNA was used to transform E. coli JM83 recA, by the method of Mandel & Higa (1970) . Transformants were recovered and incubated at 37 'C for 70 min in LB medium (Maniatis et al., 1982) . Cells were recovered by centrifugation and resuspended in LB medium. Growth and screening of recombinants Recombinants were grown on LB agar plates containing streptomycin (100 ug *ml-), ampicillin (50 ,tg ml-') and X-Gal (40 ,tg * ml-') at 37 "C overnight. ,8-Galactosidase-negative (white) colonies were transferred to sterile nitrocellulose filter papers, grown overnight at 37 "C and processed as described by Grunstein & Hogness (1975) . The mixed oligonucleotide probes were labelled by using phage-T4 polynucleotide kinase and [y-32P]ATP (sp. radioactivity approx. 3000 Ci/mmol). The labelled probe mixture was purified by centrifugation through small columns of Sephadex G-50 equilibrated in 10 mM-Tris/HCl, pH 7.5, containing 1 mM-EDTA. Filters were prehybridized and hybridized at 33 "C and washed at 40 "C by the method ofSinger-Sam et al. (1983) .
Analysis of putative recombinants
Colonies that hybridized with the oligonucleotide probe were purified by re-streaking on the same medium (LB, streptomycin, ampicillin, X-Gal), transferred to nitrocellulose filters and rehybridized. DNA was prepared initially from 1.5 ml small-scale plasmid preparations by the alkaline-SDS method of Birnboim & Doly (1979) , and subsequently as large-scale plasmid preparations (500 ml). Recombinant DNA was then characterized by restriction-enzyme analysis. The products of restrictionendonuclease digestion were either immediately ligated into bacteriophage M13 mpl 8 and M13 mpl 9 or ligated into the bacteriophage after separation by electrophoresis on 0.7-1.0% agarose gel and subsequent recovery of the restriction fragments on to DE81 paper by using the method of Dretzen et al. (1981) .
DNA sequencing of the resultant M13 clones was carried out by the dideoxy-chain-termination method of Sanger et al. (1977) and Biggin et al. (1983) . The two sequences were completely determined in both orientations. The sequence data was compiled by hand, and amino-acid-sequence comparisons with known protein sequences were made by direct comparison by eye.
Northern hybridization analysis
Samples ofpoly(A) RNA (1 ug) and total RNA (10,ug)
were allowed to react at 55 "C for 15 min in a solution containing 50% (v/v) RESULTS AND DISCUSSION Isolation and sequences of cDNA clones The cDNA libraries were constructed from poly(A) RNA isolated from young fully expanded leaves of Carica papaya plants grown under standard conditions. The libraries contained approx. 104 colonies/,ug of doublestranded cDNA insert, of average size 800 bp. By using the mixed synthetic oligonucleotide probe for the papain protein sequence Trp-Gly-Glu-Asn-Gly, which corresponds to residues 181-185, four positively hybridizing clones were identified from a total of 557 recombinants screened.
The DNA sequences obtained were translated in all six possible reading frames, and the derived protein sequences screened against the known amino acid sequences of plant cysteine proteinases and mammalian cathepsins (Goto et al., 1976 (Goto et al., , 1980 Mitchell et (Gay & Walker, 1985) and a Ca2+-dependent proteinase (Fig. 3) .
The amino acid coding sequence of the pLBPc18 insert is of particular interest, as the overall homology, when comparing this sequence with that of papain, is 77 %. The only gross mismatching occurs at a four-residue insert in the cDNA sequence corresponding to position 167 of papain. Ofthe 13 amino acids which do not show an exact match with the papain sequence, 77 % could be shown to match with a single base change at the DNA level. The amino acid sequence of clone pLBPc13 is clearly less related to papain, although it has a number of the amino acid residues which appear to be conserved throughout the cysteine proteinases. This clone is, however, related more closely to the amino acid sequence of chymopapain A (K. Lynn, D. Watson & M. Yaguchi, personal communication) , and it may be one form ofchymopapain B. Neither of the two clones extend to the active-site cysteine residue found in papain at amino acid residue position 25 (Drenth et al., 1971) .
The derived amino acid sequence of the 'papain-like' clone, pLBPc18, contains the sequence Trp-Gly-GluAsn-Gly encoded by the DNA sequence TGG GGT GAG AAT GGG. This sequence matches the mixed oligonucleotide probe in all 14 consecutive positions. The derived amino acid sequence of the 'chymopapain-like' clone, pLBPc13, contains the sequence Trp-Gly-GluAsn-Gly encoded by the DNA sequence TGG GGA GAG AAC GGA. This sequence also matches the mixed oligonucleotide probe in all 14 consecutive positions.
Interestingly the clone pLBPc1 3 has, immediately before the above amino acid sequence, the additional sequence Trp-Gly-Glu-Asn encoded by the DNA sequence TGG GGA GAA AAC. This sequence matches the probe in 12 consecutive positions. The two perfectly hybridizing duplexes, under our conditions, would have a 'melting' temperature of 44°C for pLBPc1 3 and of 46°C for pLBPc1 8.
The remainder of both sequences is made up of the 3' untranslated regions of the mRNAs. In clone pLBPc18, the sequence AATAAA (Fig. 2) is found at position 278, and corresponds to the signal for poly(A) addition found in the RNA sequence UUAUUU (Proudfoot & Brownlee, 1976 (Gay & Walker, 1985) Ca -dependent proteinase Takio et al. (1983) and San Segundo et al. (1985) . For the 'cathepsin-like' protein, see Gay & Walker (1985) , and for the Ca2+-dependent proteinase, see Ohno et al. (1984) . The active-site histidine residue of papain is marked (*).
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